Glueose-6-phosphate dehydrogenase (G6PD) deficiency has been reported by Chanmugam and Frumin (1964) to be associated in adult Negroes with abnormal oral glucose tolerance tests. Their findings were not, however, confirmed by Eppes et al. (1966) . The latter authors investigated the carbohydrate metabolism in G6PD-deficient adult Negro males, also by means of oral glucose tolerance tests; in some of their subjects they carried out, in addition, cortisone-modified glucose tolerance tests and tolbutamide tolerance tests.
Chanmugam and Frumin's report, along with our observation that elevated fasting blood sugars and transient glycosuria occur in some cases of favism, led us to the investigation of carbohydrate metabolism in this disorder. For this purpose, oral and intravenous glucose tolerance tests were done in G6PD-deficient Greek patients, presenting with acute haemolytie jaundice due to ingestion of lava beans.
Materials and Methods
Material: Consisted of 14 patients and 14 control subjects, all Greeks of Caucasian origin.
The patients, 9 males and 5 females, were studied between March 1966 and May 1968. Their age ranged from 15 to 64 years (mean age : 34.0 years). They were all admitted to King Paul Hospital with acute haemolyric jaundice following ingestion of lava beans. One patient (Table l a, No. 6) gave a history of three haemolytic episodes in the past following the ingestion of analgesic and anti-inflammatory compounds, conraining acetylsalieylic acid. In all cases, the haemolytie episodes occurred in the spring months of the years 1966, 1967 and 1968 , and were of moderate to severe degree. The blood sugar and haematocrit values obtained on admission and subsequently in the course of their illness, as well as the highest bilirubin values attained, are shown in Table 1 a. None of the patients was known to be diabetic or to have a family history of diabetes mellitus; however, 7 of them had, on admission, blood sugar values above 120 mg per 100 ml (No. 2, 3, 4, 5, 6, 10, 11) . In two of those patients, No. 2 and 3, the initial blood sugar was found to be 316 mg and 290 mg per 100 ml respectively. They both presented with thirst, signs of dehydration and gross glyeosuria, but they did not show any evidence of ketosis.
The control group consisted also of 9 males and 5 females, studied over the same period of time (Table  lb) . Their age ranged from 24 to 66 years (mean age: 37.7 years). Five of them were apparently healthy medical students and young doctors with no family history of diabetes mellitus; the remainder were selected among patients being treated in the hospital for conditions which seem not to affect carbohydrate tolerance (Silverstone et al., 1956; Croekford et al., 1966) .
None of the patients or the controls weighed more than 81 kg (180 lbs).
A.G. Billis et at. : Abnormal Glucose Tolerance in Favism Diabetologia
Methods: Carbohydrate metabolism was investigated by the standard oral glucose tolerance test (oral G.T.T.) and the intravenous glucose tolerance test (intravenous G.T.T.). In 12 patients, the tests were done 7 to 38 days after the haemolytic episode (average interval time : for the oral G.T.T. 16 days, for the intravenous G.T.T. 18 days) within a 3 to 7 days' period from each other. In the other two patients (Table 1 a, No. 6 and 9), the tests were done 8 to 10 weeks after two-and-a-half hours. For interpretation of the results, the criteria put forward by Mosenthal and Barry (1950) were used. Thus, curves were considered as normal, if peak and two-hour blood sugar values were less than 150 and 100 mg per 100 ml, respectively; and as abnormal, when both these limits were exceeded.
Intravenous G.T.T. The commonly employed technique was used (Amatuzio et al., 1953; Silverstone et al., 1956 ). After obtaining a fasting blood specimen, 71 ml Oral G.T.T. After drawing a fasting blood sample, 50 g of glucose was given and blood specimens were subsequently taken at one, one-and-a-half, two and of 35 per cent glucose solution, containing 25 g of glucose, was given intravenously within 2--4 rain. Serial venous blood samples were then drawn at 8-rain intervals for 72 rain (9 samples). The blood sugar values were plotted on the ordinate of a semi-logarithmic graph paper against time on the abscissa, and the rate of glucose utilization (K-value) was calculated by the standard formula: K --log. 2 • 100, where K is the rate of utilization of glucose per cent per min., and t ~/~ is the time in minutes, taken for the blood sugar concentration to reach half of the value at zero time.
In the interpretation of the results, K-values less than 1.00 were considered as abnormal and suggestive of decreased carbohydrate tolerance, according to several authors' experience (Amatuzio et al., 1953; Duncan, 1956; Lundbaek, 1962) .
G6PD activity. The enzyme activity was determined by the brilliant-eresyl-blue reduction test, designed by Motulski et al. (1959) . A decolorization time of less than 60 rain was considered to represent normal G6PD activity, and a time over 180 rain as showing complete absence of enzyme activity; times between 60 and 180 mill were interpreted as indicative of partial enzymatic activity.
All determinations of G6PD activity in the patient-group were done twice; that is, on their admission to the hospital, before any transfusion was given, and one month after the haemolytic episode.
Re8ult8
The results are shown in Tables 2 and 3 . Oral G.T.T. Normal curves were obtained in all the control subjects. In the group of patients, abnormal curves were found in 8 cases, 4 males and 4 females (Table2, No. 2, 3, 4, 5, 6, 10, 13, 14) . Most of them were middle-aged individuals with a mean age of 42.0 • 5.2 years; the mean age of the other six, who showed normal responses, was 23.5 • 3.8 years. The difference in age was statistically significant at P = 0.01.
A composite curve0of the results of the test for both groups is shown in Fig. 1 .
Intravenous G.T.T. Normal K-values, varying from 1.24 to 3.65 (mean : 1.88 ~ 0.19) were found in all the control subjects. Abnormal K-values were obtained in 6 of the 14 patients (Table 2 , No. 2, 3, 5, 6, 10, 11). G6PD activity. All the control subjects disclosed normal enzyme activity, whereas the patients were all enzyme deficient. Eight of them, 6 males and 2 females, were shown to have complete absence of enzyme activity; the remainder, 3 males and 3 females, had partial enzyme deficiency. Discussion Favism is known to be due to a variant of G6PD-deficiency which occurs in Caucasians (Sveinberg et al. 1957, Zarmos-Mariolea and Kattamis 1961) . The disorder was found, in this study, to be associated with abnormal oral and/or intravenous G.T.T. in 9 out of 14 patients or 64.3 per cent. In 5 of these 9 patients, both tests were abnormal.
The results are in accord with those reported by Chanmugam and Frumin (1964) , who obtained abnormal or frankly diabetic oral glucose tolerance curves in 11 of 13 G6PD-deficient adult Negroes. Although, subsequently, Eppes et al. (1966) found normal responses to oral G.T.T. in 44 G6PD-deficient Negroes, the cortisone-modified G.T.T. which they also carried out in 16 of their subjects, disclosed a decrease in glucose tolerance. It seems, therefore, that G6PI)-deficiency impairs, to a variable extent, the overall carbohydrate metabolism. In support of this view is the work of Carson et al. (1963 Carson et al. ( , 1966 who found, by means of 14C-labelled glucose and respiration analysis studies, a considerable depression of oxidative and non-oxidative utilization of glucose in G6PD-deficient subjects.
No apparent relationship was found in this study between the abnormal responses of the glucose tolerance tests and the sex of the patients, the degree of anaemia or the severity of the enzyme defect. Age, on the other hand, might have affected the results of the tests in some cases, since there was a statistically significant difference in the mean age between the patients with abnormal and those with normal, oral and intravenous, glucose tolerance tests. Increasing age has, in fact, been shown to be frequently associated with diabetic-like responses to standard oral (Hayner et al., 1965) , cortisone-modified (Pozefski et al., 1965) and intravenous (Si]verstone et al., 1956; Croekford et al., 1966 ) G.T.T. Yet age alone could hardly account for the abnormal results, because our control series consisted of subjects of comparable age with that of the patients. Our 6 older control subjects, aged 40 to 66 years, showed a mean K-value of 1.43, which compares quite favourably with that reported by Silverstone et al. (1956) for a similarly aged group of normal subjects.
It is conceivable that the stress of haemolysis might cause a decrease in carbohydrate tolerance. However, such an explanation, although it may hold true for the elevated blood sugar values found on admission to the hospital, does not seem to account for the abnormal responses of the glucose tolerance tests that were done several days after the haemolytic episode had subsided.
In regard to the initial blood sugar values, two other possible sources of error should also be mentioned: haemolysis itself, which might cause an increase in non-glucose reducing substances, since the blood sugar determinations were not done by an enzymatic method; and anaemia, which might shift the blood sugar values towards those obtained in plasma, ttowever, it seems unlikely that either factor might lead to any significant methodical error. Moreover, there is no apparent correlation between the initial blood sugar values and those of the serum bilirubin or of the haematocrit.
In view of the frequent occurrence of G6PD-deficiency in Greek individuals, estimated to be at least 0.7 per cent of the entire population (Zannos-Mariolea and Kattamis, 1961) , it would be of interest to see whether the decreased carbohydrate tolerance, shown in this study, will persist in the future or result in overt diabetes. Studies now in progress might enable us to draw a more definite answer on this problem.
